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Abstract 



A catoptric reduction projection optical system (100), a projection exposure apparatus (EX) and a method 
using same. The catoptric reduction projection optical system Is capable of forming a reduced magnification 
image of an object present on a first surface (R) onto a third surface W. The system includes a first catoptric 
optical system (10) capable of forming an intermediate image of the object onto a second surface (IM) and 
comprises a first mirror pair having a first reflective mirror (Ml) and a second reflective mirror (M2), The 
system also includes a second catoptric optical system (20) capable of imaging the intermediate image onto 
the third surface, and comprises a second mirror pair having a third reflective mirror (M3) with a concave 
reflective surface and a fourth reflective mirror (M4) with a reflective surface of a predetermined shape, and 
a third mirror pair having a fifth reflective mirror (M5) with a convex reflective surface and a sixth reflective 
mirror (M6) with a concave reflective surface. Light from the first surface forms the intermediate image oh 
the second surface after reflecting from the first mirror pair. Then, the light from the intermediate image is 
reflected by the second mirror pair in the order of the third reflective mirror and the fourth reflective mirror. 
The light reflected by the second mirror pair is further reflected by the third mirror pair in the order of the fifth 
reflective mirror and the sixth reflective mirror. This light is then guided to the third surface 
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ti. EUV3fe^Rlt-ri.^flK*^'i^l.Rltli*^'iS{t^> 
ixtfcO. CORItliti. !S7t1ta«t L-CiO-^xyNW 

ui-^)]^R(^)j'<^-yWm-ktsEUvmi. Rl» 
*ai^3t^^l^lOO{CAIttl>. 

[0039] mm'htkm^T^ looa. mmzm^ 

XmmtfSM^. 57-Ml~M4(7)4t5fffifiic*>^>^ 

S7-M1 tKStSl^f-^;PRi:C7)Sc7)3tSS4' (5 
5-M 1 1 5 9-M2 i:<0]a^<?)S) (CW, SS2<0^P 
igi'9fcbT(0^^^raP^'9AS**iSa§tlTOl.o 

^3ggBP«?0AS(i, ■?-<^msi5«p@*^'»ri5t^i.i 

•yhASC2(cJ;D$ilffll$iil.. 

[0040] tfz. S.y-m2kS.y-M3t<7)m(r)^ 

^'^(O'^mmm^muimm o f simm^nx^^ 
t. 1 0 0 mm-i $ y- 

Mi~M4{i:, m^^^zEuvyt^mi-tmm^B. 

{t/ii>c7)*^'b^«.. Rttauf-:?;PRtcTRI*$ii;tE 
UVBi. RWJa/MS^3\i^^^l OOSriiiSL-C. '^'X 
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{mm\ 0 \ = i/4. 1/5. i/6)oi>fcT-R 
^±^lk 1 0 ort{=ii{t'?>ti;t«»l20 i o o t J: OS 

[004 1] RI=fMbf-?;l'R{i^^=5r<i:tY^r 

ilf^Olii:{i. BSB^^tJ:ORItSU^^';PRt«LT 
EUVMiSriiltLoo. ^ite/J^«^®3fc^^Kl oo^^^^ 
LTRs^s^-f■^^^Ray^':7xy^ws^, js^^c^^/hfg 

[ 0 0 4 2 ] ^fc, . <J^0 a s . 

^MP^OAS, ^^OFSJi, EUV3fe$r+^j-tC 

[004 3] 

mm^%'^mw!m(r>i(Mmx'h o . 114 211 

fc, 0iat^ll4{ci3V^t. wm\,ziinhm.<r>^<r> 
?i-i^LX\^h. 

[ 0 0 4 4 ] ® 1 m^2mmmmm^m^'^7k 
1 0 0 {i. ig imR±<nWf^<r)m\M^^2m i M±tc 

^«-ri.l^lK*f3t^^^l Ot, m2fflIM±0«2:m 
. ^ 3 aiW±tcm 1 ffiR±cr)!fefl5<7)^/jN« $r Jg^t I. , m 

1 mmjh 1 0 ji. m 1 mRmnzwMWimm^^ 
y-mziir,xi^^^ti.^2mm^ik2o\i. 2^ 

(l+k) c^r^ 

[00 50] CCT\ 

c <44i'C«ft^ ( wm!^x'<r>^>um ) 



$^lTv^l,. ^2^y-mi. w.imRmiz\m^<^K 
mm-^mmm {f^smm U3t^3mmi.zm 
^ffimmm-^m^ mAmm) m4*»/c>«iis§ 
fi. ^3^y-mi. mmRmi<zmt.<r)mmm 

odlffi^ ( IS 5 RWii ) M 5 t IS 3 BiWiait P£Iffl«<OR 
[004 5] C:^T\ m4RStllM4{4. lll«0|gl^ 

1 mmx'\t€m^<mmmmt:n^mmx'hh. 
ttc. y^immmmm mi, is25*fM(D!M 

M2, ^3S:*f« (IHH^) M3. HSKSt^ (Ci 

I.. 

[0046] #R»^M1~M6«4. i^iiOTtHl 
Ax±lc?»oTSVH=ftttt^:S ct 0 tffiS$ixTfc 

0, §f>ic, ^2mm mmm) W2t^3mm ■ 
(GPffl^) m3t<^fSi<r>±nx'<r><^^mm^^tih^ 

1 t^-rm 1 HMWtfcn^TJi. 3K«IA y.lX'h'iXf^ 

imm (Dflffiii) M 1 ty^2mm mmm) m3 t 

c^SO3KSS*W4ggP^0AS*>-ESSil-Cti0, 04 
\Z7Titm2Wm^ii^^X\i. 3!£«iAx±lcEg$n^v: 

(HfflM) Mi<?)irB!ftrapg?'9ASj&«ffifi 

[0047] ^fc, li4lcS^'tlS2|lt£Wci3l^-C{i, 
miRIt^ (Bflam) Ml«OitjHftcEa$fL^cBBP*2'9 
ASS-]ROI^#, 3t!MAx±(ciea$it^>:^lRftf^ 

(DPfflli) Mli#$ffiPig20ASi;LTSISg§-«i:Tt 
miHR*»^>«03tLl{i, miRWH 

(iHSM).MK m2mmmmm)ii^2imzm 
3. ^Amm <¥ffl^JiflfflM) M4. nsRst^ 

LTII3fflw/\^*»ix. c:<7)ll3iBw±tcTffi'hfilA«J^ 

[0048] ±a<^3i'), mikx/^2^mizmh 
^mm (Mi~M3,M5,M6) ^mmm^^^ 
Lx\.-^ht)K ^cr>^mmBmm^x'^^ixh, 

[0049] 

[is:i] 

Ar'+Bi^+Cr*+Dr"' 

AitA'mimmm. 

B{i6»:o^f«ffl^lBc 



!(8 

X'hh, 

[ 0 0 5 1 ] . m 1 msxmmm'\^^m'3i 

(i, EUV^tO^:R *n 3. 4 nm. ^/Jn 

te^l /3 I *n/4fg, ®ffl|(O^Pi!tNA*iO. 14. 
mmWma 1 2 0 mmt'J) 0 . lf5tfflJi{i*S3 0 m 

^S•^T5^i:{^J:0. LT 2 6 x 3 BmrnO^-g 

<7)ggSi«i 1 5 9 5. 0 mmt'S. 0 . «S:<?5^MM 1 - 
M60^rSiS03*), g;';^r^!f@(i3 4 4mmt-S>l., 
[ 0 0 5 2 ] *7t:, B2^i6mR»f^/MS#3t^^^ 

fg$| /9 I *n/4fg, Mc7)^PiS:NA*<0. 16, 
ft:*;1^«siS{i 1 4 0 mmT* 0 . S3tfflJiti^3 5 m 
mTlilmmCO|S|:S=Jg4S5-*LTV^S, ddT'. ^SH 
^frt LT 2 6 x 3 3mm<^)>- a 

at ttomiHRtSllliffit tXcOl^SffiWtcor^ 
ffmmt 2 1 8 5 min-C'J> 0 , Si»<^RIt«iM 1 -M 6 

[SI nisi?]] 

DO = 757.117396 

WD = 576; 935270 

1/81 = 0.2500 

NA = 0.-14 

ti#^ RDY THI 

0 00 757.117396 

1 -2135.61850 -239.749734 

2 00 -497.311302 

3 1633.92933 1076.234142 

4 00 423.765858 

5 • -1217. 95%6 -342.390482 

6 00 317.354495 

7 322.28640 -676.935270 

8 800.74358 576.935270 

9 00 

[00 56] 

csiRit^Mn 

k =-453.902656 
A =-0.570629 xlO"* 
B= 0.267085 XlO'i^ 
C =-0.155813 xlO-16 
D= 0.661889 xlO-21 
C^2Rlt^M2D 
k =-1.150808 
A =-0.525980 XIO""" 
B= 0.112304 xlO->6 
C= 0.676653 XW" 
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[0053] amm 1 jb's.m icis i s.-i/^2m&m 
^L, THi<7)miz^mmmimtx\'^^. tfc. mi 

&tX^3+t*5V^T. DOtiS^lfflR (l^f-^/l^ffi) 
^>fti^lfflRli!l«7)3t^Htt'<7)iSM. WD{iftt,S2 

^(ommA^km^'^mmmm. NA«±ii2Mw(ffl 

fcV^T> jfi«ilfll$^RDY«7)^?-^{i||liaR|ilc|6i»t 

Tigr^A^'RlE-ri. t CO i: L.T V ^ I, , 

[00 54] tt:. ^2&r/mt«. Sl&l/m2^ 
Sfe^JiO#5 7-Ml~M6<0^N^ffiT-:5'^5rt. 

[0055] 

[ai] 



^IffiR (ilJjftiB) 
S2iBIM (4>IS^9) 

msmmMs 

D =-0.235135 xiO-2* 

Cm3Ktf^M3i 
k =-0. 186505 
A =-0.217618 xlO-9 
B= 0.303070 X10-i« 
C =-0.593817 XlO-19 
D= 0.490716 xl0-2« 

Cm5RI=f«M5D 
k= 1.222041 
A= 0.404395 xiO-8 
B= 0.230630 xlO-'2 
C= 0.232474 XIO-'S 
D =-0.784925 xiQ-^o 
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k= 0.219648 
A=-0.385094 XlO-»» 
B =-0.6810% X10-'6 

DO =1049.189977 
WD = 751.968366 
\ 0 \ = 0.2501 
NA =0.16 

. RDY THI 

0 00 1049.189977 

1 -2493. %98i -0.396074 

2 00 -1018.793902 

3 2868.12432 1749.721463 

4 00 362.%2079 

5 -1217.27799 -365.261250 

6 -1358.85881 358.216517 

7 491.22665 -701.968366 

8 814.86129 751.968366 

9 00 

[0058] 

k =-299.966757 
A =-0.243328 XIO"* 
B= 0.585557 XIQ-'^ 
C=-0.121983 xlO-17 
D =-0.374022 X10-" 

k= 2.719373 
A=-0.330976 XIO''? 
B=-0.423790 xlO'i'' 
C= 0.430368 X 10-2 2 
D =-0.642242 X10-" 

k= 0.654604 
A=-0.240362 xiO-9 
B= 0.303275 XIO"'* 

P 1 -0.000936 

p 2 -0.001224 

P 3 -0.001643 

p4 0.0 

p 5 0.006206 

p6 -0.002498 
Pl+p2+p3+p4tp5+p6 -0 . 000080 

^^c7)igiSRjt-c'<03-7iRsi2s-*-r. z(r>zi'7i\s.m 



C =-0.862824 XIQ-^^ 
D =-0.350660 xlO-^T 
[00571 



ggps^soAs 

m2mm2 

m2miM{^mm) 

m4RltMM4 

memmme 
m2m\mi&m) 

C =-0.329839 xlO-»« 
D= 0.144797 XlO-2' 

k=^ 1.224567 

A= 0.444080 XlO-8 

B= 0.557993 Xl0->3 

C= 0.138484 X10-" 

D =-0.639359 XIO"" 

k= 0.224995 
A =-0.370854 xlO-'o 
B =-0.591353 X10-i« 
C =-0.893475 xlO-^^ 
D= 0.795162 xlO-29 

WTw^ 5 izm 1 mm 2m&m(r)Rsm4-^m^Jk 

[00591 
[^51 

m2mm 

■ M). 000802 
-0.000697 
-0.001643 

0.001472 

0.004071 
-0.002454 
-0.000053 

( a ) \,mii^l^Y= 1 2 2 mmizmiJf 0 i^^tll^lf 
(6lc0a-7lRSIl. 03 ( b ) l,mWMY= 1 2 Ommt 

m'Thj* y i^:^i-jui}m<oo'7um^. ms ic) im 
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^m. 113 (d) {i1?!j«jSY=l 2 2mmtfc{tai?-v'' 
^>Jl'1if^(r>a'7lRmm. S3 ( e ) Jift*SY= 1 2 0 
mmiZiHfl-*ri^^)l-1jfH(0a'7imM, 03 ( f ) l± 
!H)<ifcgY= 1 1 8mm(c:ii(t.S^f>''^/l':^l6l<7)3VJRII 
HT'J)!.. ^Z:;, 05 (a) {i?l3(*:«Y=14 2mmtC 
fc(tl.^'Ji^:t-t;U:fr|tilO3VJRII0. 05 (b) 
«cii;Y= 1 4 0 mmtfe{tl.->< U >'*;i-^yl':^|tl<0a-7lR 
110. 05(c) imi^^Y= 1 38mmtCi3(tl.;< 'J 
>'':tt;l'^r|6lcO3VlR||0. 05 (d) JStl»»Y=l 
4 2mmKfc{tl.-9->':^;l':frr*n<03"7JR^, 05 
( e ) l,mWmY= 1 4 Ommtfc(tl.-9-i^'^';l'*|6l<^) 
n-7JR||0, 05(f) iimi¥mY= 1 38mmtwl3tt 

[0 0 6 01 03&t;05*><i>feBfli5>*>^o. mis 

2 ^MCT<7)^W^/J«7t^5^«i: , E U VptO 1 

I. , ^ T . ±iB^ 1 Ax/m 2 mmmvii . 5 -?comm 

(M1~M3, M5. M6) (O^StfflSr^ttAxtcMU 
\\ §4>tC. m4RttMM4 2r3t«lAxtcPL-ClfiJ«IB*t 

wmnmt ix. erxo-kxcomn (mi~m 

6 ) (Dmm^immtLX t>^i^. 

[0061 ]^7t, ±Mcr,m 1 St/SI2l|]!ifi^jT'{i:, ffi 
fflSc:Rt L-TEUV^iOl 3. 4nm2rffl»'^-CV^|.*\ 

iOftffl tfSPfi ';>ix^v ^ , Rjtffi/JNK^JK 
^^^(i. nm&.TiDmmmm'^. 1 0 0 nm 

~2 0 0 nmm^mmmizm^xtm'^mx'h 

I., zzx. mxmmmco^Mtixii. mua^y^ 
uvtiym'^miLiiimx'^ . M'&^^mw.crt^mh 

LX\i. ArFXdfj/Vk— f 0&:il9 3nm) . F 
2X:^rv-7W-f (^*1 5 7nm) ^i:'2rfflV^|,.r t 

[0062]i<7)J:a fc*l|BJ{i±aoMfe?gHlfcRBS 

t ofts . ^rfc, 0 1 ic^tig 1 mmmmA tcs^t 

m2|li6fiCTt'{S, lg37^MIS6SMM (M3~M6) 

A ( RWMM 6 CORWM*^'-?- (TimmM 6 i: 3c 

hl.^,) }i(r>mz. ^4Rlt^M4cO]I* (RltiiM4 
OSItffi*^'-?-<OS»tMM4<7)SSPii:3ct>l),#J tm5 
5 ( RWiiM 5 OKWiB*f -ewRftfMM 5 



a^ntv^i,. ■r^;fo*>, ijuLco^^wit'ti, S3k 
mmM 3tmemmM6t¥miAK(oi}mzti\>^x 

[0063] ^^mzmRmA'^m^ 
mi. mi mm4 iZTfkt^f^ i t totps 

l.tO-e{i^:V\ 0iJ;Uf. 01&l/'04t3S^-r=&IIS6fiaJ 

izin-rhm3mmM3cr>mAi . S5rw«m5«o]I 

3T]^emm (m3~m6) m5mmM5(r> 
( mmm 5 (7)mmi^^(^mmM 3 commt 

4 4 C7)]M ( Rlt^M 4 c7)RStffi*i-?-C0K*f^ 

M4coa*iaih^4?l>^J i:lg3RltMM3 (^^M 
3coS»fffl**-?-«ORIt^M5«7)SJPIfti:35i5l.jj|) 

^ 5 RttilM 5 t 6 RSt^M 6 t f)mmA :>iCO-fimz 

ts^^x^4mmM4 tm3mmM 5 1 imtsx 0 ^z 

ES^^iS. z<r)i.o^Mm,zi.^Xii. mi BR tig 

3WNhcr)^<r)Wm^m.<X'^hfz}h. 

[00643 

feLhotfc'), if%mzi.mi. v^<r> 

y h y 7 fc L. 6otf0g:WMi7)i> i:T't.3fe^^^c7)SJtX 

[ 0 0 6 5 ] ^ fc. 2|s^0J{cJ:l.3t^*5rS3fel^SlcJf 
( u-f-^'/L-XJiv;^;? ) co^-^i'-ym^m^'ikm^^iz 

[0®coS»^riJi0S3 

[0 1 1 n 1 mmmm'mmmmmmco^ 

^mx'hi>. 

m3] mimii&m<r>^-7mmx'hh, 

[04 1 m2|ISfe^<0MSt^/J^I^3iS^5^O«l8lriii«03e 
8S0T'J)I.. 

[051 m2mmmti'7mmx%t. 
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